Preparation and Activation of Bone Marrow-Derived Mast Cells (BMMC) Bone marrow cells from male Balb/cJ mice were cultured for up to 10 weeks in 50% enriched medium (RPMI 1640 containing 2 mM L-glutamine, 0.1 mM nonessential amino acids, antibiotics and 10% fetal calf serum) and 50% WEHI-3 cell conditioned medium as a source of IL-3. After 3 weeks Ͼ98% of the cells were found to be BMMC when checked by the previously described procedure.
oxypodophyllotoxin, cells suspended at a cell density of 5ϫ10 5 cells/ml in enriched medium were preincubated with aspirin (10 mg/ml) for 2 h to irreversibly inactivate preexisting COX-1. After washing, BMMC were activated with KL (100 ng/ml), IL-10 (100 U/ml) and LPS (100 ng/ml) at 37°C for 8 h in the presence or absence of deoxypodophyllotoxin previously dissolved in dimethylsulfoxide (DMSO). For measuring COX-1 activity, cells without aspirin pretreatment were incubated at 37°C for 2 h with activators. All reactions were stopped by centrifugation at 120 g at 4°C for 5 min. The supernatant and cell pellets were immediately frozen in liquid N 2 and stored at Ϫ80°C for further analysis.
LTC 4 determination; BMMC suspended in enriched medium at a cell density of 1ϫ10 6 cells/ml were pretreated with deoxypodophyllotoxin for 30 min at 37°C and stimulated with stem cell factor (SCF; 100 ng/ml). After 20 min of stimulation, the supernatants were isolated for further analysis by EIA. PGD 2 and LTC 4 were determined using an enzyme immunoassay kit (Cayman Chemical, Ann Arbor, MI, U.S.A.) according to the manufacturer's instruction. Under the conditions employed, COX-1, and COX-2-dependent phases of PGD 2 generation and LTC 4 reached 1.5 ng, 3,7 ng and 500 pg/10 6 cells, respectively. All data was the arithmetic mean of triplicate determinations.
Effect of Deoxypodophyllotoxin on the COX-1 or COX-2 Enzyme Activity COX-1 and COX-2 activities were measured using the colorimetric COX (ovine) inhibitor screening assay kit (Cayman Chemical) according to the manufacturer's instructions. DuP-697 (Cayman Chemical, Ann Arbor, MI, U.S.A.) was used as positive control. All data was the arithmetic mean of triplicate determinations.
SDS-PAGE/Immunoblot Analysis After activation with KL, IL-10 and LPS, BMMC were washed once with 10 mM phosphate buffer (pH 7.4) containing 150 mM NaCl (PBS) and lysed in PBS containing 0.1% SDS and 10 mM b-mercaptoethanol at 1ϫ10 7 cells/ml. The lysate (1ϫ10 5 cells equivalent) was applied to 10% SDS-polyacrylamide gels. After running the gel, the protein bands were blotted onto nitrocellulose membranes (Schleicher and Schull, Dassel, Germany) using a semi-dry blotter (MilliBlot-SDE system, Millipore, Bedford, MA, U.S.A.) according to the manufacturer's instructions. Membranes were then washed once with 10 mM Tris-buffered saline (TBS, pH 7.2) containing 0.1% tween-20 (TBS-T), and then blocked for 1 h in TBS-T containing 3% skim milk. After washing the membranes with TBS-T, an antibody directed against COX-1 or COX-2 was added at a dilution of 1 : 3000-5000 in TBS-T. After incubation for 2 h followed by washing three times, membranes were treated for 1 h with horseradish peroxide-conjugated goat anti-rabbit IgG (Zymed, South San Francisco, CA, U.S.A.) (diluted to 1 : 7000) in TBS-T. The protein bands were visualized using an enhanced chemiluminesence (ECL) system (Amersham Corp., Newark, NJ, U.S.A.).
RESULTS AND DISCUSSION
Deoxypodophyllotoxin is a type of lignan which is widely distributed in higher plants. It has already been reported that deoxypodophyllotoxin possesses antiproliferative, 6) antitumor 7, 8) and antiviral activity. 9) The dried roots of Anthriscus sylvestris (Umbeliferae) have been used in Korean traditional medicine as an antipyretic, an analgesic and a cough remedy. However, the underlying mechanisms accounting for its antiinflammatory effects have not yet been reported. In an attempt to develop anti-inflammatory compounds from A. sylvestris HOFFM., deoxypodophyllotoxin, a known lignan compound, was isolated from the MeOH-CH 2 Cl 2 extract of A. sylvestris.
Murakami et al. reported that BMMC exhibit biphasic PGD 2 biosynthetic responses over time, in addition to COX-1-dependent immediate and COX-2-dependent delayed responses. The immediate PGD 2 generation occurring within 2 h is associated with the coupling of COX-1 and the delayed PGD 2 generation, which occurs after several hours of culturing (during 2-10 h), is associated with the de novo induction and function of COX-2 after stimulation with particular cytokines and LPS combinations. 10) This cell model also appears to be suitable for assessing the effect of 5-LO inhibitors, since the immediate LTC 4 generation elicited by the IgE-dependent or cytokine-initiated stimulus occurs in BMMC through 5-LO.
11) Therefore, the BMMC system is useful for screening selective COX-1/COX-2 or 5-LO and COX-2/5-LO dual inhibitors from various sources. 12) When the BMMC were activated with a combination of KL, IL-10 and LPS in the presence or absence of deoxypodophyllotoxin, the COX-2-dependent phase of PGD 2 generation was inhibited in a dose-dependent manner with an IC 50 value of approximately 1.89 mM, while that for the COX-1 dependent phase of PGD 2 generation was approximately 65.3 mM ( Table  1 ). The relative value for the selectivity was approximately 30 (IC 50 for COX-1/IC 50 for COX-2).
In order to determine if deoxypodophyllotoxin inhibits the delayed phase of PGD 2 generation via direct inhibition of COX-2 enzyme activity, the COX-1 and COX-2 activities were measured using a colorimetric COX (ovine) inhibitor screening assay kit. Deoxypodophyllotoxin inhibited the COX-2 dependent PGD 2 generation in a concentration-dependent manner with an IC 50 value of 0.01 mM, while that for the COX-1 dependent PGD 2 generation was 12.1 mM (Fig.  2A, B) . These results clearly showed that deoxypodophyllotoxin strongly inhibits the COX-2 rather than COX-1 activities. The differences in the deoxypodophyllotoxin dose required for COX-2 suppression between the BMMC and direct enzyme assay systems might be due to the differences in the assay systems themselves. In addition to the direct inhibition of the COX-2 enzyme activity, the regulation of COX-2 protein expression might be involved in the inhibitory activity of deoxypodophyllotoxin on the delayed PGD 2 generation by BMMC. To confirm this possibility, this study examined whether or not deoxypodophyllotoxin influences COX-1 and COX-2 protein expression, and the results showed that it BMMC were preincubated for 30 min with the indicated concentrations of deoxypodophyllotoxin A and then stimulated with KL (100 ng/ml), IL-10 (100 U/ml) and LPS (100 ng/ml) at 37°C for 8 h in the presence or absence of deoxypodophyllotoxin. For measuring COX-1 activity, cells without aspirin pretreatment were incubated at 37°C for 2 h with activators. PGD 2 released into the supernatant was quantified by EIA kit. All data was the arithmetic mean of triplicate determinations.
does not (Fig. 3) . It was clearly shown that the inhibition of PGD 2 production by deoxypodophyllotoxin in the BMMC was not due to the reduction of the COX-2 expression level. This inhibition could also be attributed to the step of PLA 2 , which is the initial enzyme in the arachidonic acid cascade. Since the delayed phase of PGD 2 generation by BMMC depends on the coupling between group II-like sPLA 2 and COX-2, 13) the effect of deoxypodophyllotoxin on sPLA 2 -IIA was next examined using the sPLA 2 -transfected HEK293 cell supernatants. 14) Deoxypodophyllotoxin failed to inhibit the group IIA sPLA 2 activity up to 50 mM (data not shown). Overall, these results suggest that deoxypodophyllotoxin directly inhibits the COX-2 enzyme activity without altering the COX-2 protein level and PLA 2 activity.
Arachidonic acid can also be converted to leukotrienes (LTs) by the action of 5-lipoxygenase (5-LOX) in BMMC.
The inhibition of 5-LOX is believed to be the ideal treatment for allergic diseases and asthma. 15) Therefore, the inhibitory activity of deoxypodophyllotoxin on the generation of LTC 4 in the BMMC was examined. Figure 4 shows that the BMMC stimulated with SCF for 15 min produced ca. 500 pg/ml LTC 4 , and preincubation of the BMMC with deoxypodophyllotoxin resulted in the dose-dependent suppression of this LTC 4 biosynthesis with an IC 50 value of 0.37 mM.
In conclusion, antipyretic and an analgesic activity of deoxypodophyllotoxin could be attributed at least in part to the dual inhibition of COX-2/5-LOX. Therefore, deoxypodophyllotoxin may be a useful biochemical and pharmacological tool for determining the role of COX-2/5-LOX dual inhibitors in certain physiological and pathological events. BMMC were pre-incubated for 30 min with the indicated concentrations of deoxypodophyllotoxin and then stimulated with 100 ng/ml of SCF for 15 min. LTC 4 released into the supernatant was quantified by EIA kit. All data was the arithmetic mean of triplicate determinations.
